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Abstract — Our previous studies showed that the promyelocytic leukemia protein, PML, functions as a
cellular and growth suppressor. Transient expression of PML was also found to repress the activity of the
epidermal growth factor receptor (EGFR) gene promoter. In this study, we have examined the effects of
PML on A431 cells, which express a high level of EGFR protein. The PML gene was introduced into the
cells using the adenovirus-mediated gene transfer system. Western blot analysis on the extracts from the
cells expressing PML showed a significant repression in the expression of the EGFR protein. The cells
were examined for growth and DNA synthesis. The data showed a marked reduction in both growth and
DNA synthesis rate in the cells expressing PML compared with the control cells. Furthermore, in
comparison with the controls, the cells expressing PML were found to be more in G1 phase, fewer in S
and about the same number in the G2/M phase. These data clearly demonstrated that the repression of
EGFR expression in A431 cells by PML was associated with inhibition of cell growth and alteration of
the cell cycle distribution, suggesting a novel mechanism for the known growth inhibitory effects of
PML.
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1. INTRODUCTION

PML belongs to a family of nuclear proteins which contain several functional domains including the
RING-finger, two cys/his rich regions designated as the B box motifs and an a-helical domain, which is
involved in PML/PML dimerization [1-4]. PML is the major component of a novel nuclear body named
PML oncogenic domain (POD) [5]. Many proteins co-localized with POD have been identified
including SP100, the ubiquitin-like protein modifier, SUMU-1/PIC-1/sentrin, the interferon induced
protein ISG20, and immediate early viral proteins IE1 and IE4 [6-8]. POD was found to be the site of
viral DNA replication and transcription. Nascent RNA polymerase II transcripts were found within the
POD, and that PML co-localized with the transcription co-regulator CBP (CREB binding protein) [9].
These findings support the notion that PML may be involved in transcription regulation.

The transcription regulatory function of PML has been demonstrated in several of our previous
studies [10-13] and others [14]. These studies showed that PML functioned as promoter dependent
transcription activator and inhibitor. PML could activate the transcription of a steroid hormone
receptor [14] and transcription mediated by Fos/AP-1 [10]. However, when fused to the GAL4 DNA-
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binding domain, PML acted as a transcription repressor to inhibit transcription from the GAL4-
responsive promoters [11]. Specific domain of the PML protein was involved in the transcription
repressing events. Furthermore, our studies showed that PML suppressed the promoter of the
epidermal growth factor receptor (EGFR) gene by inhibiting EGFR’s Sp1-dependent activity. In the
study, it was shown that PML physically and functionally interacted with SP1 [13]. Recently, we
reported that the inhibitory effects of PML on transcription were due to its association with histone
deacetylases and their recruitment to the promoter [12].

There are many reports that PML is a cellular growth and transformation suppressor [14-18].
Transient expression of PML induced a G1 arrest and apoptosis in MCF-7 cells [15]. In HeLa cells, a
stable expression of PML induced growth inhibition by lengthening the G1 phase of the cell cycle [17].
PML affects cell cycle progression by modulating the expression of several key proteins involved in the
G1/S checkpoint and dephosphorylation of Rb was observed [17]. The PML gene knock-out study
reported by Wang et al. [19] strongly support a crucial role for PML in the control of cell growth.
Recent studies demonstrated that PML is essential for multiple pathways of program cell death by using
PML" mice and in cells overexpressing PML [20]. Interestingly, POD recruits several important cell
cycle regulators (e.g. BAX and p27KIP1) to the nucleus during induction of apoptosis [21].

EGFR mediates the effects of epidermal growth factor (EGF) on cell growth [22-23]. The high
level of expression of EGFR has been reported to be associated with a number of malignancies
including breast, ovarian and clone cancer [24-25]. Given the demonstrated role of PML in
suppressing cellular growth, and its inhibitory effects on the EGFR promoter activity, it was,
therefore, necessary to examine whether the expression of EGFR protein could be suppressed by
PML. For this purpose, using the adenovirus-mediated gene transfer system, PML was expressed in
A431 cells, which overproduce EGFR protein. The results showed that a high level expression of
PML suppressed the EGFR expression at 60 hours post-infection, whereas control adenovirus
(without PML) had no effect on EGFR expression. Furthermore, in the cells expressing the PML
protein, the growth and DNA synthesis showed a significant reduction followed by alteration in the
cell cycle progression.

2. MATERIALS AND METHODS
a) Cell culture and transfection

A431 cells were maintained in Dulbeccos modified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), 100 units/ml penicillin, and 100 pg/ml streptomycin (GIBCO/BRL,
Gaithersburg, MD) in 5% CO, at 37 °C in a humidified incubator. The recombinant PML adenovirus
(Ad/PML), the antisense PML adenovirus (AdAs/PML) and the adenovirus (Ad) vectors were
constructed and produced as previously described [26]. The average titer of the viruses used in this study
was 5 x 10° plaque forming unit (pfu)/ml. For infections, cells were plated at 5 X 10*60 mm tissue
culture dishes. 2 pl of the viruses were used for each infection. The experiments were performed in
triplicate.

b) Western blot analysis

The expression of PML protein in A431 cells was evaluated using Western blotting as described in
our previous report [13]. Briefly, after appropriate culture times as indicated in the legend to the Figures,
cells were washed and harvested in phosphate buffer saline (PBS) and lysed. Total cell extract was then
prepared. Proteins in the samples were resolved on 10% SDS-polyacrylamide gel (SDS-PAGE), and then
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transferred onto nitrocellulose membrane. The membrane was probed with anti-PML, anti-EGFR, and/or
anti-actin antibodies as appropriate. Antibodies used were all polyclonal, which were prepared from
rabbits. The anti-EGFR, and anti-actin antibodies were from Santa Cruse Biothech., USA, and the anti-
PML was raised against a GST-PML fusion protein in our laboratory [18].

C) Flow cytometric analysis

For analysis of DNA content by flow cytometry, cells from exponential cultures were fixed for
24 hrs in 70% ethanol, washed in PBS three times and resuspended in PBS containing 50 pg/ml
propidium iodide (Sigma Chem. Co.), 20 ug/ml DNase free RNase A. Cells were left in the dark
overnight before being analysed on a FACSCAN flow cytometer equipped with double discriminator
and LYSYS II and CELLFT software (Becton-Dickinson).

d) In vitro growth rate assay

The in vitro growth rate of A431 cells infected with adenovirus vectors was assessed using the
trypan blue exclusion assay as described previously [17]. For this assay, A431 cells were plated at 1 X
10* cells /well in 24-well plates. The number of the cells was determined at 24 hr intervals as shown in
the Figures.

e) [ H] thymidine incorporation assay

The DNA synthesis rate of A431 cells which reflect cell proliferation was determined using the
[*H] thymidine incorporation assay. Cells were plated at 1 X 10" cells/plate in 24-well plates and
cultured in complete medium. Cells were then infected with the adenovirus vectors. [*H] thymidine (2
mCi) was added to each well at 24, 48, and 72 hours, and the cells were incubated for an additional 2
hours at 37 °C. Cells were then washed in PBS and harvested as described previously [17].
Radioactivity of the incorporated [’H] thymidine was determined in a scintillation counter.

3. RESULTS AND DISCUSSION
a) Suppression of EGFR expression by PML in A431 cells

Epidermal growth factor (EGFR) receptor mediates the effect of the epidermal growth factor (EGF),
playing an important role in the control of cell growth. Given the demonstrated role of PML in
suppressing the cell growth and its inhibitory effects on the EGFR promoter activity, the effect of
PML on the expression of EGFR protein was examined. In our previous study, PML was expressed in
adenovirus vectors, which efficiently infect animal cells and result in a high level expression of the
PML protein [26]. To examine the effects of PML on EGFR expression, the PML gene was
introduced into the A431 cells using the adenovirus-mediated gene transfer system. A431 cells
express a high level of the EGFR protein, which can be easily detected by western blotting. Following
infection, the cells were cultured for different periods of time and then harvested, and total cell
extracts were prepared (see Materials and Methods). Total proteins from A431 cells expressing high
levels of PML (Ad-PML) and cells infected with control adenovirus (AdAs/PML) were prepared at
the time courses indicated in Fig. 1. The proteins were separated by SDS-PAGE, transferred onto a
nitrocellulose membrane and probed with anti-EGFR or anti-PML antibody. As shown in Fig. 1A,
examination of the cell extracts for the PML protein expression using an anti-PML antibody,
indicated that PML is efficiently expressed in the infected cells, giving a band of 68 kDa which
represents the PML protein [18]. The expression of the PML protein was found to be at the highest
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level at 72 hours post infection of the cells. The cells infected with the control adenovirus vector
containing the anti-sense PML (Ad-ASPML, PML in reverse orientation) did not express a detectable
level of PML. It should be noted that the PML protein is normally expressed at a very low level in the
cells. However, in A431 cells we could not detect the endogenous PML protein using our anti-PML
antibody.

Having confirmed the expression of the PML protein in A431, the expression of the EGFR
protein was examined using an anti-EGFR (Fig. 1B) antibody. In order to monitor the correct protein
loading, the membrane was stripped of the anti-EGFR antibody and re-probed with an anti-actin
antibody (Actin) (Fig. 1B). Analysis of the expression of the EGFR protein in A431 cells showed no
significant change in the level of the protein up to 48 hours post infection. The anti-EGFR antibody
detected a 170 kDa band representing the EGFR protein. However at 60 hours there was a sharp
reduction in the expression of the EGFR protein. At this time, the level of the PML protein in the cells
reached its highest level. The delay in the effects of the PML protein on the EGFR expression suggested
that a threshold for the PML’s effects might be present in the cell. Moreover, a competition between
PML and factors regulating the EGFR gene promoter such as Sp1 might explain the effects of PML on
the expression of EGFR (see below).
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Fig. 1. Analysis of the expression of PML and EGFR in A431 cells
A) Transient expression of PML. Abbreviations are as follows: Ad/PML, adenovirus containing the PML gene;
control cells infected with the control virus AdAs/PML. B) Analysis of the EGFR expression. The
position of the EGFR and actin proteins is indicated by arrows. For details
see materials and methods

Given the demonstrated inhibitory effects of PML on EGFR promoter [13], the repression of the
EGEFR protein expression by PML could be due to the inhibition of its promoter activity. The promoter
activity of EGFR is mainly regulated by the Sp1 transcription factor [22]. Our previous findings showed
that PML physically and functionally interacted with Sp1, disrupting the binding of Sp1 to the promoter
[13]. In vivo and in vitro experiments demonstrated that the association of the Spl and PML had a
significant effect on the EGFR promoter activity and transcription [13]. Furthermore, on northern
analysis on the extracts from MCF7 cells infected with the Ad-PML using a probe to the 5’ region of the
molecule, a significant reduction in the endogenous expression of the EGFR mRNA was observed (data
not shown). The repression of the EGFR’s protein expression in the presence of PML confirmed our
previous report, and indicated that PML could negatively regulate both transcription and expression of
the EGFR gene promoter.
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b) Expression of PML significantly reduces A431 cell growth

To investigate whether the repression of the EGFR expression by PML could alter the growth of
A431 cells, the growth characteristics of the cells were analyzed in the presence or absence of PML
expression. A431 cells infected with Ad/PML or AdAs/PML and the number of cells was determined at
24 hour intervals (see Materials and Methods). As shown in Figure 2A, in the cells expressing PML
(Ad/PML), the growth rate had significantly reduced compared to the control cells (AdAs/PML). The
effects of PML on cell growth were more prominent at 72 hours post infection. From this time point
onwards, cells started to come off the culture and the number of viable cells were significantly (up to 4-
fold) reduced. These data indicated that the expression of PML had a suppressive effect on the growth
of A431 cells, and at very high concentrations can be lethal to the cells.
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Fig. 2. Suppression of the growth rate of A431 cells by PML
A) Infection of A431 cells with Ad/PML and AdAs/PML. B) Incubation of A431 cells with [*H] thymidine.
The data are shown in count per minute (cpm). For abbreviations see legend to Fig. 1

To further investigate the effects of PML on the growth rate of A431 cells, the synthesis of DNA in
these cells were examined in the presence of PML. Cells were infected with adenovirus vectors
(Ad/PML and AdAs/PML) and incubated with [*H] thymidine at 24 hr intervals. The incorporation of
[*H] thymidine into DNA was measured as an index for DNA synthesis. As shown in Fig. 2B, the cell
expressing PML had incorporated a much lower [’H] thymidine, compared to the control cells
(AdAs/PML), suggesting a reduced DNA synthesis rate in the presence of PML.

¢) Effects of PML on the cell cycle distribution of A431 cells

Since the significant effect of PML on cell growth (see above), we sought to investigate the
distribution of cell cycle phases in the A431 cells in the presence of PML. In order to analyze the cell
cycle distribution, a flow cytometry analysis was performed on the exponentially growing cells after
expression of PML. As indicated in Figure 3, A431 cells expressing PML (Ad/PML) showed a
proportionally high number of cells in G1 (73%), few cells in S (20%), and a very low number in
G2/M (7%). In control cells, the distribution of the cell cycle was more uniform, so that about 55% of
cells were in G1, 35% in S and 20% in G2/M phase. These data demonstrated that the expression of
PML had lengthened the duration of the G1 phase of the cell cycle in A431 cells.
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Fig. 3. Effects of PML on cell cycle distribution in A431 cells. Cell cycle distribution of
the A431 cells in the presence (Ad/PML) and absence (Ad As/PML) of

PML expression. For details, see materials and methods

On the basis of the above observations, it is suggested that PML is likely to be involved in cell
cycle control, affecting factors which control the G1/S transition. In fact, it has been reported that the
number of PODs is cell cycle dependent, with the highest number at the G1 phase. Furthermore, it has
been demonstrated that PML is associated with the well-documented cell cycle negative regulator tumor
suppressor and retinoblastoma protein, Rb [24]. The Rb protein functions as a master regulator of the
G1/S checkpoint. It is likely that PML exerts its inhibitory effects on the cell cycle progression directly
or indirectly through negative regulators of the cell cycle such as the Rb protein. Moreover, it has been
recently reported that PML could also be associated with another well-studied tumor suppressor protein,
p53 [27-29]. This protein also functions as one of the important regulators of the G1 phase of the cell
cycle. This finding provides further support on the regulatory effects of PML on the cell. However, the
exact mechanism by which PML might affect the G1/S is still not understood. This requires
investigation of the possible association of PML with the key regulators of the cell cycle, and a more
careful analysis of the expression of these regulators in the presence of PML. We are currently studying
the effect of PML on the promoter of a number of cell cycle regulators such as the dihydrofolate
reudoctase (DHFR) and thymidine kinase.

Since EGFR functions as an important receptor, mediating the effects of EGF on cell growth, the
inhibition of its activity may provide a mechanism for the growth suppressing effects of PML. In fact
over-expression of EGFR is associated with several malignancies such as breast, colon and ovarian
cancer [24-25]. It is therefore suggested that the PML gene could be considered as a potential agent in
the therapy of these cancers.

Acknowledgements- We are grateful to Dr. M. Tavassoli for the critical reading of the manuscript. Part

of this work was performed at the UTMD Anderson Cancer Center, Houston, Texas as a postdoctoral
project. S.V. is supported by grant 790205 from the Department of Research, University of Isfahan.

Iranian Journal of Science & Technology, Trans. A, Volume 28, Number A1 Winter 2004



10.

11.

12.

13.

14.

15.

16.

Winter 2004

Expression of PML tumor suppressor in A431...

REFERENCES

Borrow, J., Goddard, A. D., Sheer, D., & Solomon, E. (1990). Molecular analysis of acute
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249, 577-580.

De The, H., Lavau, C., Marchio, A., Chomienne, C., Degos, L., & Dejean, A. (1991). The PML-
RARalpha fusion mRNA generated by the t (15; 17) translocation in acute promyelocytic leukemia
encodes a functionally altered RAR. Cell 66, 675-684.

Freemont, P. S., Hanson, 1. M., & Trowsdale, J. (1991). A novel cystein-rich sequence motif. Cell 64,
483-484.

Kakizuka, A., Miller, W. H. J., Umesono, K., Warrell, R. P. J., Frankel, S. R., Murty, V. V. V. S,
Dmitrovsky, E., & Evans, RM. (1991). Chromosomal translocation t (15; 17) in human acute
promyelocytic leukemia fuses RARalpha with a novel putative transcription factor, PML. Cell 66, 663-
674.

Doucas, V. & Evans, R M. (1996). The PML nuclear component and cancer. Biochim. Biophys. Acta
1288, M25-M29.

Sternsdorf, T., Jensen, K., & Will, H. (1997). Evidence for covalent modification of the nuclear dot-
associated proteins PML & Sp100 by PIC1/SUMO-1. J. Cell Biol. 139, 1621-1634.

Ahn, J. H. & Hayward, G. S. (1997). The major immediate-early proteins IE1 and IE2 of human
cytomegalovirus co-localise with & disrupt PML-associated nuclear bodies at very early times in
infected permissive cells. J. Virol. 71, 4599-4613.

Muller, S., Matunis, M. J., & Dejean, A. (1998). Conjugation with the ubiquitin-related modifier
SUMO-1 regulates the partitioning of PML within the nucleus. EMBO J. 17, 61-70.

LaMorte, V. J., Dyck, A. J., Ochs, R. 1., & Evans, R.M. (1998). Localization of nascent RNA and
CREB binding protein with PML-containing nuclear body. Proc. Natl. Acad. Sci. USA, 95, 4991-4996.

Vallian, S., Gaken, J. A., Gingold, E. B., Kouzarides, T., Chang, K. S., & Farzaneh, F. (1998).
Regulation of Fos-mediated AP-1 transcription by the promyelocytic leukemia protein. Oncogene 16,
2843-2853.

Vallian, S., Gaken, J. A., Trayner, 1. D., Gingold, E. B., Kouzarides, T., Chang, K. S., & Farzaneh, F.
(1997). Transcriptional repression by the promyelocytic leukemia protein, PML. Exp.Cell Res. 237,
371-382.

Wu, W. S., Vallian, S., Seto, E., Yang, W.M., Edmondson, D., Roth, S., & Chang, K. S. (2001). The
growth suppressor PML Represses Transcription by functionally and physically interacting with
histone deacetylases. Mol. Cell. Biol. 21, 2259-2268.

Vallian, S., Chin, K.V., & Chang, K. S. (1998). The promyelocytic leukemia protein interacts with Spl
and inhibits Spl-mediated transcription of the epidermal growth factor receptor (EGFR) promoter.
Mol. Cell. Biol. 18, 7147-56.

Guiochon-Mantel, A., Savouret, F. J., Quignon, F., Delaber, K., Milgrom, E., & De The, H. (1995).
The Effect of PML and PML-RAR on the transactivation properties & subcellular distribution of
steroid hormone receptors. Mol. Endocrin. 9, 1791-1803.

Le, X. F., Vallian, S., Mu, Z. M., Hung, M. C., & Chang, K. S. (1998). Recombinant PML adenovirus
suppresses growth and tumorigenicity of human breast cancer cells by inducing G1 cell cycle arrest and
apoptosis. Oncogene 16, 1839-1849.

Liu, J. H., Mu, Z. M., & Chang, K. S. (1995). PML suppresses oncogenic transformation of NIH/3T3
cells by activated Neu. J. Exp. Med. 6, 1965-1973.

63

Iranian Journal of Science & Technology, Trans. A, Volume 28, Number A1



64 S. Vallian / K. S. Chang

17. Mu, Z. M., Le, X-F, Vallian, S., Glassman, A. B., & Chang, K. S. (1997). Stable overexpression of
PML alters regulation of cell cycle progression in HeLa cells. Carcinogenesis 18, 2063-20609.

18. Mu, Z. M., Chin, K. V., Liu, J. H., Lozano, G., & Chang, K. S. (1994). PML, a growth suppressor
disrupted in acute promyelocytic leukemia. Mol. Cell. Biol. 14, 6858-6867.

19. Wang, Z. G., Ruggero, D., Ronchetti, S., Zhong, S., Gaboli, M., Rivi, R., & Pandolfi, P. P. (1998).
PML is essential for multiple apoptotic pathways. Nat. Genet. 20, 266-272.

20. Wang, Z. G., Delva, L., Gaboli, M., Rivi, R., Giorgio, M., Cordon-Cardo, C., Grosvels, F., & Pandolfi,
P. P. (1998).Role of PML in cell growth and the retinoic acid pathway. Science, 279, 1547-1551.

21. Sherr, C. j. (1994). G1 phase progression: cycling on cue. Cell 79, 551-553.

22. Hudson, L.G., Santon, J.B., & Gill, G.N. (1989). Regulation of epidermal growth factor receptor gene
expression. Mol. Endocrin. 3, 400-408.

23. Johnson, A. C., Ishii, S., Jinno, Y., Pastan, I., & Merlino, G.T. (1989). Epidermal growth factor
receptor gene promoter. J. Biol. Chem. 263, 5693-5699.

24. Toi, M., Osaki, A., Yamada, H. & Tog, T. (1991). Epidermal growth factor receptor expression as a
prognostic indicator in breast cancer. Eur. J. Cancer 27, 977-980.

25. Morishige, K. I., Kurachi, H., Amemiya, K., Fujita, Y., Yamamato, T., Miyake, A., & Tanizawa, O.
(1991). Evidence for the involvement of TGF alpha and EGFR autocrine growth mechanism in primary
human ovarian cancers in vitro. Cancer Res. 51, 5322-5328.

26. He, D., Mu, Z. M., Le, X., Hsieh, J. T., Pong, R. C., Chung, L. W. K., & Chang, K. S. (1997).
Adenovirus-mediated expression of PML suppresses growth and tumorigenicity of prostate cancer
cells. Cancer Res. 57, 1868-1872.

27. Pearson, M. & Pelicci, PG. (2001). PML interaction with p53 and its role in apoptosis and replicative
senescence. Oncogene 20, 7250-7256.

28. Koken, M. H. M., Linarescruz, G., Quignon, F., Viron, A., Chelbialix, M. K., SobczakThepot, J.,
Juhlin, L., Degos, L., Calvo, F., & De The, H. (1995). The PML growth-suppressor has an altered
expression in human oncogenesis. Oncogene 10, 1315-1324.

29. Alcalay, M., Tomassoni, L., Colombo, E., Stoldt, S., Grignani, F., Fagioli, M., Szekely, L., Helin, K.,
& Peliccei, P. G. (1998). The promyelocytic leukemia gene product (PML) forms stable complexes with
the retinoblastoma protein. Mol. Cell. Biol. 18, 1084-1093.

Iranian Journal of Science & Technology, Trans. A, Volume 28, Number A1 Winter 2004



